Two Gramstaining-positive, catalase-negative, a-hemolytic, coccus-shaped organisms were isolated separately from the respiratory tracts of two Marmota himalayana animals from the Qinghai-Tibet Plateau, PR China. Morphological, biological, biochemical, and molecular genetic studies were performed on these two isolates (HTS9 T and HTS12). Their biochemical characteristics, such as acid production from different sugars and enzymatic activities, indicated that they represented a member of the genus Streptococcus. They are most closely related to Streptococcus thoraltensis CIP 105518 T based on sequence analysis of their 16S rRNA, groEL, sodA and rpoB genes, with similarities of 97.6, 89.9, 92.6 and 91.1 % the four genes respectively. The whole genome phylogenetic tree reconstructed using 372 core genes from 65 genomes of members of the 
The Gram-positive genus Streptococcus embraces a large number of catalase-negative, facultatively anaerobic, and coccus-shaped organisms. With the development of phenotypic and molecular biology identification techniques, the genus Streptococcus has undergone significant expansion with many novel species reported, especially from animal sources (Saito et al., 2016; Shinozaki-Kuwahara et al., 2014; Vela et al., 2015 Vela et al., , 2016 . At the time of writing, the genus Streptococcus contains over 100 species with validly published names (http://www.bacterio.net/streptococcus.html).
With an average altitude above 3000 m, the Qinghai-Tibet plateau is a pristine environment with low human habitation but a diverse range of animal species. The Marmota himalayana plague focus in the Qinghai-Tibet plateau is the last remaining natural plague focus in China, which has kept causing human infections and deaths in the last 10 years. Healthy marmots (Marmota himalayana) were captured alive in Yushu Prefecture and killed to isolate Yersinia pestis (data not shown) from the animal tissues as part of the effort monitoring the plague outbreak in animals after the 2010 Yushu earthquake (Stone, 2010) . Previously, the fact that strains of two novel bacterial species (Helicobacter himalayensis sp. nov. and Escherichia marmotae sp. nov.) with pathogenicity potential were isolated from some of the gastrointestinal tract samples of these marmots Liu et al., 2015) , resulted in initiation of an investigation into the question of whether these animals carry additional pathogenic bacteria other than members of the genera Helicobacter and Escherichia.
Respiratory tract tissues were aseptically collected and treated as described previously Liu et al., 2015) . Briefly, the trachea was removed and opened. The mucosal tissue of the tracheal inner wall was collected by scraping the mucosal surface using sterile scissors, and 30 mg of the mucosal tissue were mixed with 1 ml of brain-heart infusion (BHI, Difco) broth supplemented with 20 % fetal bovine serum (Gibco) and fully ground. Approximately 100 µl of the sample mixture was spread onto Columbia blood agar plates each and incubated aerobically with 5 % CO 2 at 37 C for 48 h. Among 25 respiratory tract tissue samples, a single, circular, unpigmented, a-haemolytic colony of 0.6-1.0 mm in diameter appeared on a Columbia blood agar plate after 24 h culturing. The colony was re-streaked and pure single colonies were collected and stocked under the name of HTS9 T . After confirming that HTS9
T was a potential novel species (see below), an additional 25 animals were screened and a second isolate, designated HTS12, was recovered and characterized.
Morphological features were determined using light microscopy and scanning electron microscopy on cells cultured aerobically at 37 C on Columbia blood agar plates for 24 h. Cell motility was tested by the motility assay on soft agar plates , and Gram staining was performed using the classical Gram stain procedure (Austrian, 1960) . The haemolytic property of colonies was determined on Columbia agar plates containing 5 % defibrinated sheep blood (bioM erieux) after incubating aerobically at 37 C for 24 and 48 h (Facklam & Elliott, 1995) . CO 2 is required, with an optimal concentration of 5 %. Determination of growth under different temperatures between 4 C and 45 C was performed in BHI broth at pH of 7.5 (Facklam & Elliott, 1995) . Both strains were found to be unable to grow at or below 15 C but could grow at up to 45 C with 37 C being optimal, this is in sharp contrast with their nearest neighbor (as discussed in detail below), Streptococcus thoraltensis, the growth of which was strongly inhibited at 42 C (Devriese et al., 1997) .
The ability of the isolates to tolerate salt was tested in the presence of NaCl of various concentrations (between 6.5 % and 11 %) as recommended by Facklam & Elliot (1995) . HTS9
T and HTS12 could grow in the medium with NaCl concentrations of up to 9.0 and 10.0 %, respectively, a level much higher than that of S. thoraltensis which can only grow up to 6.5 % NaCl and takes two days of incubation to display signs of bacterial growth (Devriese et al., 1997) . We speculate that the rare environmental conditions of the Qinghai-Tibet plateau and their marmot hosts might be related to the tolerance of HTS9
T and HTS12 to high temperatures and high salt concentrations.
The two isolates were biochemically characterized using the Rapid ID 32 Strep, API 50 CH and API ZYM systems (bio-M erieux) according to the manufacturer's instructions. Results for the API 50 CH strips using CHB suspension medium were checked daily for up to seven days of incubation at 37 C. The two isolates exhibited almost identical biochemical characteristics in the three identification systems (Table 1 , and the species description) and in some Table 1 . Biochemical characteristics useful in differentiating S. halotolerans (HTS9 T and HTS12) from the most closely related species of the genus Streptococcus Taxa: 1, S. halotolerans (HTS9 T , HTS12); 2, S. thoraltensis (this study); 3, S. pluranimalium; 4, S. hyovaginalis (this study). +, Positive; À, negative; V, variable; V+, most strains (75 %) positive; D, reaction depends on strain origin. Data for S. pluranimalium is from Devriese (1999) .Data of S. pluranimalium is according to L. A.
aspects in sharp contrast to S. thoraltensis, S. pluranimalium and S. hyovaginalis, their three nearest phylogenetic neighbors in the genus Streptococcus as described below and shown in Table 1 and Figs 1, 2 and 3.
The following biochemical features of HTS9 T and HTS12 help to differentiate them from S. thoraltensis (Table 1) : (1) They are unable to produce acid from L-arabinose, inulin, sorbitol and starch; (2) they are negative for b-glucuronidase activity; (3) they are positive for alkaline phosphatase whereas S. thoraltensis is negative (Devriese et al., 1997 (Devriese et al., , 1999 . A positive Voges-Proskauer reaction (Devriese et al., 1997 (Devriese et al., , 1999 ) is the defining point distinguishing HTS9
T and HTS12 from S. pluranimalium. Production of acid from D-mannitol and sorbitol decomposition being negative made it possible to distinguish HTS9 T and HTS12 from S. hyovaginalis (Devriese et al., 1997 (Devriese et al., , 1999 .
Lancefield serological grouping was determined with the commercial Slidex Strepto kit (bioM erieux) by using specific group A, B, C, D, F and G streptococcal latex agglutinating antisera. HTS9
T and HTS12 did not react with any Lancefield group antisera.
Sequences of the 16S rRNA genes of these two isolates were amplified, phylogenetically compared and analyzed as previously described (Vela et al., 2002) . Briefly, genomic DNA extracted with the Wizard Genomic DNA Purification kit (Promega) according to manufacturer's instructions was used for gene amplification and cloning of 16S rRNA as described previously (Delgado et al., 2006; Jin et al., 2013) using the universal eubacterial primers 27F-1492R (5¢-AGAGTTT-GATCMTGGCTCAG-3¢ and 5¢-GGYTACCTTGTTAC-GACTT-3¢). Raw sequence data were processed using DNASTAR version 7 (DNASTAR Biosoft). The nearly complete 16S rRNA gene sequence (1477 bp) showed that the two strains were very closely related with only 0.2 % difference between them but with less than 97 % similarity to those other species of the genus Streptococcus except for S. thoraltensis. Phylogenetic trees were reconstructed and genetic distances were calculated with three different algorithms: the neighbour-joining method (Figs 1 and S1, available in the online Supplementary Material) and the maximum-likelihood method by Kimura's two-parameter model (Kimura, 1980) and the maximum-parsimony method by close-neighbour-interchange (search level=2, random additions=100) using the software package MEGA version 6.0 (Tamura et al., 2013) and the program SeqTools (Rasmussen, 2002) to align the newly determined partial 16S rRNA sequences of these two isolates with those of the type strains of other species of the genus Streptococcus (and related taxa) retrieved from the NCBI GenBank database. As shown in Figs 1 the nodes and supported HTS9 T and HTS12 branching out of S. thoraltensis CIP 105518
T as a novel species with a bootstrap value of 99 %. Similar results were obtained with the other two algorithms.
In addition to 16S rRNA gene, comparison of housekeeping genes, such as groEL, sodA, rpoB and others, has also been a useful tool for differentiating Streptococci phylogenetically (Drancourt et al., 2004; Glazunova et al., 2009; Goh et al., 1996; Poyart et al., 2002) . For the current study, a segment of the groEL (763 bp), sodA (448 bp) or rpoB (680 bp) gene was amplified from HTS9 T and HTS12 using primer pairs streptogroELd and streptogroELr (Glazunova et al., 2009 ), d1 and d2 (Poyart et al., 2002) or StreptoF and StreptoR (Drancourt et al., 2004) , respectively. The sequenced segments of groEL, sodA and rpoB were identical between HTS9
T and HTS12, and with a similarity of 89.9, 92.6 and 91.1 % to that of S. thoraltensis, respectively, slightly lower than the similarity of the 16S RNA gene (97.6 % in Fig. 1 ) with divergence values of 10.1, 7.4 and 8.9 %, respectively (the accession numbers are indicated in Table S1 ). In the phylogenetic trees inferred from comparison of the partial groEL, sodA and rpoB sequences, HTS9
T and HTS12 formed a branch separate from other species of the genus Streptococcus (Fig. 2) , consistent with the 16S rRNA tree in Fig. 1 .
Due to their almost identical biological and biochemical features, HTS9
T was used as a representative of the two strains for whole genome sequencing. The data on the full-length 16S sequence of HTS9
T made it feasible to compare it with those from 12 929 strains of bacteria and archaea (Yarza et al., 2008 (Yarza et al., , 2014 from the Living Tree Project (LTP) database. As a principle, any microbial strain with a 16S sequence of <98.7 % similarity with a type strain but >94.5 % of the genus threshold may be regarded as a member of that genus (Yarza et al., 2008) . Again, the comparison result demonstrates that HTS9 T is most closely related (97.5 % similarity) to S. thoraltensis CIP 105518 T , consistent with results obtained using its partial 16S sequences (Fig. 1) .
The availability of the whole-genome sequence of HTS9 T (see below) made it possible, using approximately-maximumlikelihood algorithm in FastTree (Price et al., 2009) , to reconstruct another phylogenetic tree based on core genome of a total of 372 core genes of 66 genomes of members of the genus Streptococcus (a marmot isolate and 65 Streptococci from NCBI GenBank) which were extracted by BLASTP, concatenated and aligned by mafft (Katoh & Standley, 2013) . The whole-genome phylogenetic tree inferred and edited using Dendroscope 3 (Huson & Scornavacca, 2012) unequivocally shows that HTS9
T from Marmota himalayana is a phylogenetically member of the genus Streptococcus. Within the streptococcal clade, HTS9
T and S. thoraltensis formed distinct/ separate sublines, exhibiting specific phylogenetic affinity with each other (Fig. 3) . The degree of the phylogenetic difference between HTS9
T and S. thoraltensis is highly in agreement with that of the 16S rRNA tree, further supporting the hypothesis that HTS9
T represents a novel species of the genus Streptococcus.
DNA-DNA hybridization (DDH) has been a standard for delineating species since the 1960s and a value of 70 % was further recommended (Wayne, 1988) for defining novel bacterial species when there is 98.7 % similarity in their 16S rRNA (Goodfellow et al., 1998; Stackebrandt & Goebel, 1994; Stackebrandt & Ebers, 2006) . Genome-sequence-based (in silico) DDH has become popular, with a tendency eventually to replace wet-lab DDH (Auch et al., 2010; Colston et al., 2014; Garrido-Sanz et al., 2016; Meier-Kolthoff et al., 2013) . To further verify the taxonomic relationship of HTS9
T with other species of the genus Streptococcus and finalize its species status, the draft genome of HTS9 T allows us to do in silico DDH analysis with seven strains of the most closely related species of the genus Streptococcus (S. thoraltensis CIP 105518 ) by using the DDH web-software (Auch et al., 2010) at http://ggdc. dsmz.de. HTS9
T displayed the highest DNA relatedness values (32.1 %) with the reference strain of S. thoraltensis CIP 105518 T (Table S2) Table S2 .
distinctive novel species in the genus Streptococcus because all the relatedness values tested are well below the 70 % cut-off mark (Wayne, 1988) .
The HTS9
T genome was sequenced as described below. Briefly, HTS9
T chromosomal DNA isolated using the Wizard Genomic DNA Purification kit (Promega) was sequenced by the 125 bp paired-end-sequencing method using a Hiseq2500 (Illumina). A total of 11 227 168 reads and 1275 Mb data were obtained with a depth of coverage of approximately 100Â. The 11 227 168 reads were first assembled into 65 contigs in 50 scaffolds using SOAPdenovo (http://soap.genomics. org.cn/soapdenovo.html). Low-quality reads were further filtered out using Single Molecule, Real-Time (SMRT) technology Analysis 2.3.0, generating one contig without gaps by assembling the remaining reads. The HTS9
T genome is plasmid-free and comprises a single circular chromosome containing 2068 genes with nine genomic islands as predicted by Glimmer (Guimaraes et al., 2011) and Island Viewer, respectively. The genome length is 1 823 556 bp and the average gene length is 882 bp with a G+C content of 39.9 mol%.
Putting all the findings together, the morphological, biological and biochemical characteristics and phylogenetic analyses demonstrate that HTS9 T and HTS12 represent a novel species of the genus Streptococcus because of their definite difference from any existing and most closely related species of the genus Streptococcus. Together with S. pluranimalium, S. thoraltensis, S. hyovaginalis, they form the Pluranimalium group in the genus Streptococcus (Póntigo et al., 2015) , which is supported by the results shown in Figs 1, 2 and 3.
In summary, our results fully support the hypothesis that the two novel strains (HTS9 T and HTS12) from Marmota The tree was reconstructed with approximately-maximum-likelihood algorithm based on 372 core genes concatenated to core genome sequences, computed by FastTree through core genome comparison analysis, and mapping by Dendroscope 3. The tree clades have majority consensus with the results of phylogenetic tree analysis (Póntigo et al., 2015) .
himalayana should be assigned to the genus Streptococcus, and more importantly, their phylogenetic, genotypic and phenotypic differences from other existing species of the genus Streptococcus clearly demonstrate that HTS9
T and HTS12 merit classification as representing a novel species of the genus Streptococcus, for which the name Streptococcus halotolerans sp. nov. is proposed.
Description of Streptococcus halotolerans sp. nov.
Streptococcus halotolerans (ha.lo.to¢le.rans. Gr. n. hals halos, salt; L. adj. tolerans tolerating; N.L. masc. adj. halotolerans salt-tolerating).
The coccal cells are Gram-stain-positive, non-motile, nonspore-forming and catalase-negative cocci, 0.5-1.0 µm in diameter, arranged in short chains, pairs or small groups. Colonies on Columbia blood agar are 0.6-1.0 mm in diameter, circular, smooth and a-haemolytic but not translucent and are non-pigmented after incubation at 37 C for 24 h. The strain can grow at 22, 30, 35, 37, 42 and 45 C but not at 4 or 15 C. Growth occurs in the presence of up to 9.0 % NaCl. , was isolated from the respiratory tract of a wild marmot Marmota himalayana from Yushu, Tibetan autonomous Prefecture, Qinghai province, PR China. The DNA G+C content of this strain is 39.9 mol%. Another strain (HTS12) of the species was isolated similarly from another marmot.
